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Interphase  interaction  of  ferrochromium  with  inclusions  and  slags 
was  studied.  Wetting  of  nonmetallic  inclusions  by  ferrodes  was 
studied  on  alumina,  silica,  and  magnesium  oxide  substrates.  The 
effect  of  CrO  on  slags  was  examined;  it  was  concluded  that  its 
accumulation  in  slags  lowers  their  refining  properties. 
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INTERPHASE  PHENOMENA  DURING  CONTACT 
OF  FERROCHROMIUM  WITH  NOHMETALLIC 
INCLUSIONS  AND  SLAGS 


R,  B.  Lobzhaniaze,  A.  F,  Filippov, 
and  P.  P.  Yevseyev 

Increasing  the  quality  of  smelted  alloy  steels  and  alloys  Is 
inseparably  connected  with  an  increase  In  the  degree  of  nonmetallic 
inclusion  contamination  of  the  ferrous  alloys  (especially  ferro- 
chromium)  used  for  the  alloy  Cl]*  The  degree  to  which  nonmetallic 
inclusions  are  removed  from  ferrous  alloys  during  treatment  with 
slag  melts  depends,  other  conditions  being  ecual,  on  the  composi¬ 
tion  of  the  metal,  slag,  and  inclusions  and  on  the  interphase 
phenomena  on  the  contact  boundaries.  In  this  work  a  study  is  made 
of  the  interphase  interaction  of  ferrochromium  with  inclusions 
and  slag. 

Surface  tension  a^,d  density  of  the  ferrochromium.  The  method’ 
of  maximum  pressure  in  a  bubble  v/as  used  to  measure  the  density 
and  surface  tension,  A  detailed  description  of  the  Installation 
and  procedure  for  this  research  was  given  in  work  [2].  A  120-g 
metal  sample  was  melted  in  an  alundum  crucible  in  argon;  oxygen 
and  nitrogen  were  removed  by  passing  through  titanium  sponge 
heated  to  900° C.  Bubbles  of  inert  gas  were  bloivn  out  at  the  end 
of  an  alundum  capillary  with  an  outer  diameter  of  6-7  nun.  Accuracy 
in  measuring  density  and  surface  tension  was  determined  at  ±5# 
and  ±3%,  respectively. 


The  chemical  composition  of  the  metal  (JO  and  the  results  of 
the  study  have  the  following  values: 
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The  measured  surface  tension  of  the  ferrochromium  (970-1010 

p 

erg/cm  )  was  found  to  be  substantially  lower  than  the  calculated 

2 

value  (1370  erg/cm  )  for  the  two-component  system  Fe-Cr,  as 
obtained  from  the  Shishkovskiy  equation: 

a  oFl.  —  2000lg{  S  t  ( Ft —  1 )  A',-  J,  erg/ cm2 ,  ( 1 ) 

where  Fi  is  an  empirical  constant  equal  to  1.75  for  chromium; 

Ni  is  the  mole  fraction  of  chromium  in  ferrochromium. 

The  lower  values  of  surface  tension  for  ferrochromium  are 
explained  by  the  presence  in  the  metal  of  the  surface-active 
elements  C,  P,  and  S  and,  especially,  oxygen.  Depending  on  the 
silicon  content  the  density  of  the  ferrochromium  at  1700° C  varies 
from  6.96  to  6.89  g/cm^. 

Wetting  of  nonmetallio  inolueione  by  f err o chromium.  For  the 
study  of  interphase  phenomena  on  the  ferrochromlum/inclusion 
boundary  substrates  were  prepared  of  alumina,  silica,  and  magnesium 
oxide.  The  substrates  were  polished  with  diamond  wheels  to  obtain 
a  level  surface.  Studies  were  carried  out  on  an  installation 
with  a  horizontal  tubular  graphite  heater  in  an  atmosphere  of 
purified  argon. 
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Drops  of  metal  weighing  5-8  g,  located  on  a  substrate  which 
was  leveled  horizontally  with  an  optical  sight,  were  photographed 
2-3  times  at  1700°C  through  quartz  glass  installed  in  the  front 
water-cooled  cover  of  the  furnace;  photography  interval  was  3  min. 

The  stable  edge  angle  was  measured  on  the  negative  images  of 
the  drops  by  means  of  a  projector.  Angle  measurement  accuracy 
■was  ±3  degrees.  The  edge  angles  found  and  the  surface  tension 
were  used  to  calculate  the  work  of  adhesion  and  interphase  tension 
on  the  metal/inclusion  boundary  by  the  formulas 

o 

IT,  =  oM(l-fcos  0)  erg/ cm  ;  (2) 

=  o,  —  o„cos  0  erg/cnr .  ( 3 ) 

[b  «  inclusion] 

The  approximate  results  at  1700°C  indicated  surface  tension 

2  2 

of  ferrochromium  equal  to.  1000  erg/cm  ,  while  a  was  905  erg/cm 

D 

for  A12C>3  [H],  1000  erg/cm2  for  MgO  [5],  307  erg/cm2  for  Si02  [5]. 

Wetting  the  various  oxide  substrates  with  ferrochromium  at 
1700°C  gave  the  following  results: 
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(2) 

(3) 
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KEY:  (1)  Substrate  material; 

(2)  9,  deg.;  (3)  erg/cm2. 

The  largest  edge  angle  6  is  obtained  for  the  magnesium  oxide 
substrate  (125  deg.).  With  an  increase  in  the  chemical  interaction 
between  the  substrate  and  the  metal  the  angle  is  reduced.  The 
greatest  spreading  of  the  metallic  melt  over  the  substrate  is 
observed  with  the  oxide  of  smallest  thermodynamic  strength  -  silica 
Other  conditions  being  equal,  the  rate  at  which  inclusions  float 
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up  out  of  the  metallic  melt  can  vary  in  accordance  with  values  cf 
a  .  Inclusions  of  MgO  and  Alo0o  should  have  a  rate  of  removal 

M— D  C  J 

several  tens  of  times  greater  than  the  silicate  particles. 

Interphase  tension  on  the  f err oohromium/ slag  boundary .  The 
separation  of  the  slag  and  metallic  phases  in  the  bath  depends 
on  the  magnitude  of  wetting  of  the  metal  by  the  slag.  There  is 
■  special  interest  in  the  influence  of  the  chromium  oxide  appearing 
in  the  slag  during  chromium  alloy  production  on  the  interphase 
interaction  of  these  two  phases. 

Study  of  interphase  tension  on  the  metal/slag  boundary  was 
carried  out  by  the  "drop  on  drop"  method  on  an  installation  for 
studying  the  wettability  of  oxide  substrates  by  the  metal.  Slag 
was  fed  onto  the  surface  of  the  molten  metal  over  an  alundum  tube 
past  upward  through  an  opening  in  the  furnace. 

Drops  of  molten  slag  were  photographed  on  contrast  film  with 
a  "Start"  camera  with  a  "Juplter-11"  telephoto  lens.  The  edge 
angle  was  measured  from  the  negative  images  by  means  of  a  projector; 
measurement  accuracy  was  ±3  degrees.  The  value  of  the  edge  angle 
was  found  experimentally  as  the  average  of  3-5  measurements. 

Calculation  of  interphase  tension  and  work  of  adhesion  was 
accomplished  by  the  following  formulas: 

°M-n:  =  Voi  4-  Om  —  2  cos  0.  erg/cm2  ( 4 ) 

< 

[uj  ■  slag] 

The  table  and  the  figure  show  the  results  of  investigation 
of  the  influence  of  chromium  oxide  on  the  properties  of  the  inter¬ 
phase  boundary  of  the  metal  with  the  slag. 
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Surface  properties  of  slags  with  additions  of 

oxide  at  the  boundary  with  ferrochromium 
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•Values  of  surface  tension  of  slags  were 
obtained  in  this  work. 


••Work  of  slag  cohesion  W  =»  2a  . 

K.UJ/l  iu 

•••Spreading  coefficient  S  =  W  -  W 

a  k  .iu* 


KEY:  (1)  Number  of  slag;  (2)  Chemical  composition 
of  slag,  %i  (3)  erg/cm2;  (4)  deg,;  (5)  Interphase 
tension  a  erg/cm2. 


The  magnitude  of  interphase  tension  oh  the  metal/slag  boundary 
is  determined  by  the  difierence  in  the  struccure  of  the  contacting 
phases.  The  smaller  this  difference  the  smaller  the  interphase 
tension  and  the  better  they  wet  one  another.  The  introduction  of 
chromium  oxide  into  a  calcium  fluoride  melt  firat  reduces  and  then 
increases  the  work  of  adhesion  between  the  chromium  alloy  and  the 
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slags  (see  figure).  The  influence  of  additions  of  chromium  oxide 

on  W=  and  a  for  melts  of  CaPo-Ba0,  CaFo-Alo0o,  and  AloCU~Ca0 
a  m-uj  2  *  223  23 

Is  manifested  differently  in  the  qualitative  sense. 
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Influence  of  chromium  oxide  on 
interphase  tension  (a)  and  work 
of  adhesion  (b)  of  slags  vs. 
ferrochromium  at  a  temperature 
of  1700° C:  1  -  slags  1-5;  2  - 
slags  6-Q j  3  ~  slags  10-14 ; 

4  -  slags  15-20, 

KEY:  (1)  Work  of  adhesion, 

2 

erg/ cm  ;  (2)  Interphase 

p 

tension,  erg/cm  , 


4^/5  8Crg03,% 


An  increase  in  the  adhesion  of  chromium  slags  to  ferrochromium 
creates  additional  difficulties  for  separating  the  metallic  and 
slag  phases.  In  this  respect  the  lime-alumina  slags  are  poorest, 
since  they  have  the  highest  work  of  adhesion  to  the  chromium  alloy 
as  compared  with  the  fluoride  slags  (see  table).  Practice  in 
ferroalloy  production  indicates  a  sin.llar  influence  of  chromium 
oxide:  slags  containing  a  greater  quantity  of  chromium  oxides 
show  nr  re  welding  to  the  ingots. 
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S.  B.  Yakobashvili  [6]  established  that  interphase  tension 
of  a  flux  with  a  high  content  of  silicon  oxide  (<v40J{)  and  magnesium 
oxide  (^-35/0  was  reduced  from  905  erg/cm  for  low-carbon  steel  to 
700  erg/cm  when  9.1631  Cr  was  introduced  into  it.  This  is  connected 
with  oxidation  of  the  chromium  metal  and  transfer  of  chromium 
oxide  into  the  slag.  Enrichment  of  the  slag  melt  with  chromium 
oxide  brings  the  structure  of  the  contacting  phases  closer  together 
•and  thus  reduces  interphase  tension. 

Prom  the  point  of  view  of  removing  inclusions  from  metal  It 
is  best  to  use  slags  which  have  high  interphase  tension  with  the 
metal.  Among  the  investigated  slags  these  include  the  high- 
fluoride  fluxes  with  interphase  tensions  of  770-830  erg/cm  (see 
table).  Lime-alumina  fluxes  have  smaller  interphase  tension 
(730  erg/cm  )  and  in  this  respect  their  application  is  less 
desirable.  The  introduction  of  chromium  oxide  in  all  cases  reduces 
<jm  ,  lowers  the  conditions  for  removing  inclusions  from  the 

metal. 

Consequently,  accumulation  of  chromium  oxide  in  the  slag 
lowers  its  refining  properties. 
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